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Abstract 
Industrial chains exhibit strong interdependency within industrial symbiosis network. When analyzing the 
interdependency effect among industrial chains, however, financial index is often ignored. In this paper, we will 
mainly focus on measuring the long-term interdependency effect through historical simulation and cointegration tests 
with financial data. A large-scale coal-mining group is studied empirically as a case to explain the framework of 
interdependency analysis among the industrial chains. The results display  high degree of interdependency between 
production costs and marketing costs, and low degree of that between revenues and profits, which means high 
controllability of material flows within IS network and low controllability of sales, marketing. 
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1. Introduction 
Industrial symbiosis (IS) has been defined as the synergistic exchange of material and energy between 
industrial organizat ions in a location or a region or even in a virtual community [1] . IS network (also 
known as eco-industrial park, recycling network) is such a kind of inter-firm network that can realize the 
reusing and recycling of the waste, and aims to develop a system in  which energy and materials do not 
leave the economic p rocess [2]. However, the closed loop of material flow chains by utilizing by-products 
should not be limited only to companies from the waste disposal industry, and production companies will 
be helpful to prevent ‘‘open’’ chains by linking their energy and material flows[3]. This consideration 
involves different aspects, such as economic and financial profitability, production efficiency, products 
and process quality. 
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Some researchers have paid close attention to the interdependencies of industrial chains in IS network, 
especially on material flow and value flow. For example, complex ut ilization integrates  the waste streams 
of mining industries in the Kola Peninsula in such a way that waste from one industrial chain  becomes 
raw material for another [1]; value flows of different industrial chains are studied in [4], and input–output 
efficiency of industrial chains and indiv idual enterprises accounted independently are respectively 
compared from the dimension of symbiotic industrial network in the park.  
One limitation is that those methods  used in aforementioned studies are inappropriate for long run 
analyses of firm behavior. In response to these limitations, we advocate the adoption of a cointegration 
framework to  examine the long-run behavior of firms  within  groups. This framework allows for a  formal 
treatment of both short-run and long-run IS network; thus, getting over the methodological limitations 
present in the past researches on interdependencies of industrial chains. 
Another limitation is the lack of ho listic analysis of economic process. Unlike the natural closed -loop 
ecosystem, IS network belongs to economic p rocess, which implies that the main financial index, such as 
cost and revenue that have to be divided among the industrial chains, should be in the simultaneous 
fulfillment in the research. 
Financial data from the monthly operation provides the possibility to exp lain how the industrial un its 
develop in a relatively holistic and stable way. But the interdependency of financial index is often ignored 
at the firm level. The reasons are two-fold. Firstly, a  limited availab ility of historical data is frequently 
encountered in interdependency estimat ion, especially for production enterprises. Secondly, industrial 
process cannot be repeated many times to display the stable interdependency. 
Costello [5] and Cabedo etc. [6] proclaimed that historical simulation approach is proposed to deal 
with the situation of lacking data, which is generally simpler to implement than other methods . Monte 
Carlo method is generally used in simulation [7], but its serious methodological flaw of the method is the 
assumption of statistical independence of factors [8]. Hence, it is very important to develop historical 
simulation techniques that could deliver effective and efficient interdependency estimates. 
To address the limitations described above, a methodology is presented in the research which: (1) 
offers a structured approach for modeling interdependency among industrial process units in firm-based 
industrial symbiosis with financial data; (2) allows for the historical simulation to avoid the lack of data in 
interdependency analysis; (3) incorporates the cointegration tests to measure the interdependency among 
industrial chains.  
The study attempts to develop a new methodology for interdependency analysis of IS network in an 
empirical way. Some modifications are involved to widen the scope from material and energy flows to 
general business needs and capacities, giving more consideration to the financial index of potential 
synergies. Monte Carlo method is used to simulate the production cost, sales cost, revenue and profit 
based on historical data, and five industries, including coal mining, power generation,  electrolytic 
aluminum, coal chemical p roducts and building materials are incorporated in the system. Then Granger 
causality tests on the simulation data can reveal the causality relationship among the industrial chains and 
the degrees of the interdependency. This approach can effectively min imize errors resulted from analysis 
of insufficient source data. 
The remainder of this study is organized as follows: Section 2 describes the case background and 
source data, with a focus on the five industries included in this paper. Section 3 describes  mult iplication 
model of the time series and historical simulat ion based on the data for production cost, sales cost, 
revenue and profit, and Section 4 presents the results of the unit root, cointegration tests and Granger 
causality test for the five industries. Section 5 describes the interdependency and their implicat ions based 
on the results of Granger Causality test. Finally, Section 6 concludes the study. 
2. Case background and source data 
J.C.Sun et al. / Energy Procedia 5 (2011) 1957–1967 1959
2.1.  A brief introduction of coal mining in China 
China is the world's largest coal producer. In  2003, raw coal accounted for 70.7% of total energy 
production compared to 17.2% for oil, 8.9% for hydro-electric power, and 3.2% for natural gas. For total 
energy consumption, 75% was from coal, 17% from petroleum, 6% from primary electric power, and 2% 
from natural gas. Coal p roduction was expected to increase by more than 10% to about 1.9 billion metric 
tons (Gt) in 2004. China’s State Development and Reform Commission (SDRC) has predicted that 
national annual coal output will reach 2.45 billion metric tons by 2010 [9]. 
2.2. The City of Yima and the Yima Mining Corporation 
Yima City is located in the hilly area of the western Henan province in Central China. It is 183 
kilometers away  from the provincial capital of Zhengzhou City, between Luoyang  and Sanmenxia, two 
other important cities in Henan province. As a county-level city now administrated by Sanmenxia City, 
Yima covers an area of 112 square kilometers with a population of 120,300 urban resid ents and 31,000 
rural residents.  
Yima is rich in coal reserves and has developed its coal min ing industries. Yima Mining Corporation is 
the local leading enterprise which employs more than 90 percent of the local labors. In 2000, the Yima 
Mining Corporation was transformed from the state-owned Yima Mining Admin istration. It is currently a 
chemical and energy enterprise specializing in coal as well as coal-power- chemical, and coal-gas-
chemical. Yima Min ing Corporation is one of the top 500 enterprises in China, and ranked 34th in  the top 
100 list of coal mining enterprises in China. In 2005, the Yima Mining Corporation had sales revenue of 
5.5 billion RMB, of which 1.6 billion RMB was from industries other than coal [10]. 
In order to promote the scale and efficiency of the enterprise and the regional economy, the Yima 
Mining Corporation has adopted the strategy of developing multiple industries with high added value 
based on coal resources, while globally reducing its increasing environmental burden. 
2.3. Yima industrial chains 
Diversificat ion has been one crit ical strategy of the coal industry in China. In  practice, coal industry is 
regarded as main constituent of industrial chains, on the basis of which coal mining enterprises are able to 
tap into related market  and further exp loit  new core competence [11]. According  to researches of general 
analysis of industrial chain extension, technology bears on inter-industry binding extent in a direct way: 
The heavier hi-tech departments weigh in one industrial chain, the greater in fluence those industries will 
exert on each  other. But technology alone cannot assure coordination between industries. Inappropriate 
actualizat ion of the strategy, such as diversifying domains blindly  or setting foot in a wrong field may 
greatly jeopardize industrial chains. The real risk for the future lies in  the fact that we are  ignoring the 
systemic character of the IS network that comprised of multi industrial chains, and we continue to look at 
the industrial chain as individual process unit accounted independently. Hence, working out influence 
factors and inherent laws of inter-industry systems within the coal mining community is conducive to 
disperse operational risk, reduce production cost and transaction cost, and expand the enterprises. 
Yima Mining extends its industry chain, and establishes the chain of “coal – electricity – aluminum – 
chemicals – constructional material” in order to use resources efficiently. 
(1) Coal mining — coal cleaning: 16 million tons of raw coal, and 8 million cleaning capacity. 
(2) Inferior coal, slime and gangue — electricity: 0.6 million Kilowatts. 
(3) Coal, electricity — alumina: 0.2 million tons of alumina, and 0.4 million tons in the secondary 
project. 
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(4) Coal gasification —  coal chemical, mult i products: 1.2 million cubic meters/day of gas, 0.1 million 
ton/year of methanol, and other chemical products; in the secondary project, 3 million cubic meters/day of 
gas, 0.2 million tons of methanol.    
(5) Coal —  gangue and cement: 70 million tons/year of gangue, 0.2 million tons/year Portland cement, 
and 1.8 million tons dry-process cement (new established). 
2.4. Source data 
The fact that YM Coal Corporation’s industrial chain involves several industries, each of which 
includes numerous influencing factors , makes comprehensive and quantitative analysis almost impossible. 
We took seventy-two groups of financial data as a research subject to construct a time series 
multip licat ion model, by which we can further carry out simulation and Granger causality test, so that the 
interdependency of industrial chains will be obtained. 
 
Fig.1. Production costs and its trend values of YM Coal Corporation 
3. Multiplication model of the time series and historical simulation 
We focus on the production cost in the downstream involving four industries of coal min ing, and other 
financial perspectives, i.e . as sales cost, revenue and profit, of the four industries can be obtained 
analogically. Fig.1 shows production cost of YM coal industry in the time span from Jan. 2000 to Dec. 
2005. According to princip les of mult iplication models, the aforementioned data will be fu rther 
decomposed into three ingredients: (1) Trend factor, which embodies the general developing trend despite 
the fluctuations caused by external factors. (2) Periodical factor. Financial data of coal min ing industry is 
greatly influenced by seasonal needs and yearly financial regulat ions  that a company must obey. 
Period ical factor could be described by a mathematical function that regresses annually. (3) Random 
factor, which represents all other factors that have minor impact on the model respectively. 
3.1. Time series model and its primary variables 
Table 1 shows all primary variables that appear in the model. The calcu lation of the model is divided 
into three steps. 
 
Table 1. Variables involved in the model 
J.C.Sun et al. / Energy Procedia 5 (2011) 1957–1967 1961
Variable Symbol Type Appears in 
Original data of month t Yt Time Series Multiplication Model 
Trend factor of month t Gt Time Series Multiplication Model 
Periodical factor of month t Pt Time Series Multiplication Model 
Random factor of month t Et Time Series Multiplication Model 
Year i Subscripted Variable Trend Factor  
Month j Subscripted Variable Trend Factor  
White Noise K  Random Variable Trend Factor  
Polynomial Coefficient tD  Regression Coefficient Periodical Factor 
Monthly weight tE  Regression Coefficient Periodical Factor 
Vector of regression coefficients T  Regression Coefficient Periodical Factor 
Discrimination variables of months Cn,t 0-1 Variable Periodical Factor 
Coefficient matrix of periodical factors X Matrix Periodical Factor 
Least squares estimation for Pt tP  Time Series Periodical Factor 
Vector form of Pt P Coefficients Vector Periodical Factor 
Vector form of TP  u  Coefficients Vector Periodical Factor 
 
Firstly, Observed value Yt of time series, trend factor Gt, periodical trend Pt, random factor Et. 
To solve this problem, a multiplication model is employed, which has such a basic form:  
t t t tY G P E u u                                                          (1)  
Secondly, Year i, Month j and White noise K  
t (Time) could be expressed in terms of i and j :  
 ( 1) 12t i j  u                                                       (2)  
i=1, 2, 3,…,N,  N represents numbers of years observedˈj=1, 2,…, 12. 
Moving average of the actual financial data is used to substitute the trend factor Gtˈas shown in 
formula (3)˖ 
11 11
6 1
0 0
1 ( )    1,2,3,...,
24t t j t jj j
G Y Y t T   
  
   ¦ ¦                       (3) 
The nature of formula (3) is an averaging digital filter that eliminates periodical components from Gt  
(See Fig.1). To further quantify the trend factor Gt, many different functions have been attempted to see 
which one fits the actual numbers best. In the YM coal corporation case, polynomial forms are superior to 
logarithmic forms and exponential ones, so we choose to adopt this form, see formula (4).  
        
0
k
i
t i
i
G b t K
 
 u ¦                                                   (4) 
To minimize errors of the prediction formulae, we get a cubic function to simulate the trend factor Gt: 
3 21864.44690183*  - 152705.8977296*  + 4705686.507462* - 25852666.47706tG t t t  (5) 
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Thirdly, Month coefficient tE ,0-1 variable Cn,tˈleast square estimation of Pt tP  
Then we have, as shown in formula (6)˖ 
^
0 1 1 1, 11 11,....t t tP t C C uD D E E                                           (6) 
1,1 2,1 11,1
1,2 2,2 11,2
1, 2, 11,
1 1
1 2
1 T T T
C C C
C C C
X
T C C C
§ ·¨ ¸¨ ¸ ¨ ¸¨ ¸¨ ¸© ¹
                                         (7)  
> @0 1 1 11, , , TT D D E E                                                (8) 
     > @1 2, , , TTP P P P                                                    (9) 
> @1 2, , TTP P P P                                                  (10) 
Combining formulae (7) – (10)ˈ  
P X T P u                                                              (11) 
Least square estimation of T , 
^ 1( )T TX X X PT                                                   (12) 
So we obtained the predicted equations of the periodical factor: 
^
0 1 1 1, 11 11,....t t tP t C C uD D E E                                   (13) 
From results of the former calculations, randomness tE could be stripped as  
/ /t t t tE Y G P                                                           (14) 
3.2. Distribution of the random factor 
The randomness E is actually a combination of numerous influencing elements. However, since those 
elements are too many and too trivial to do a specific study, we choose to adopt the s tatistical-analyzing 
and simulation approach, instead of the factor-decomposing one. Based on E deriving from formula (14), 
we find that E fits Student’s t Distribution (Midpoint:1.10ˈScale:0.48, Deg. Freedom: 2.85601).  
For such a distribution, with the help of simulation software Crystal Ball version 7.2, we can further 
obtain 10,000 groups of simulating numbers of E. For each group, the inverse process and decomposition 
process are implemented repeatedly to simulate the original financial data Yt. (Table 2 shows simulation 
results of one group Yt) 
4. Granger Causality Test of Simulation Data Groups  
The concept of co-integration was initiated by W.J. Granger and got its theoretical proof and practical 
framework by Granger and Robert F. Engle in 1987. In order to put this technique into operation, there 
are basically three steps to follow, i.e . unit root test, co-integration test, and Granger causality test. The 
program works this way: Firstly, inputting of the source data (simulated data from the former phase); then 
grouping the data and testing; finally outputting the results to the excel sheets (See Fig.2). 
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Table 2 Historical Simulation of Production Cost in YM Coal Corporation 
Simulation Value 
/T ime 2000 2001 2002 2003 2004 2005 
1 771493.1 1740302 3695743 4771157 4100220 44658943 
2 656920.9 2118240 4151538 4687837 3748519 39726035 
3 689759.6 1907078 4088730 2844956 3140849 57613455 
4 932277 94782.73 2367393 4209545 5917199 54074346 
5 848154 2585116 5632431 5335371 5983376 67891084 
6 735821.3 1875177 3409345 4871091 3282011 73762294 
7 917237.3 5182921 6064509 6884586 7495106 37967095 
8 828712.3 836047.5 4808154 4967927 3843591 108650926 
9 1013350 2968627 3771800 345768 5072621 58768365 
10 1303338 2383682 1908245 1867317 6569656 87184241 
11 947829.1 1424690 7875509 1969174 1586119 82738004 
12 971897.3 1837755 93740.11 2435927 1446445 127087449 
Unit: RMB Yuan 
 
Fig.2. Flow chart of batch Granger causality test process in Eviews 
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5. Interdependency among industrial chains 
The presence of cointegration a mong the financial variables means that they display a long-run 
equilibrium-type relat ionship within  the IS network. It suggests that within a network these financial 
index exh ibit interdependence in the long run and may display litt le interdependence in the short run. 
However, use of models that only capture short-run behaviors may  wrongly conclude the absence of 
financial interdependence, when a long-run one actually exists.  
To explain how the industrial chains exert an influence on each other in the sense of statistical 
significance, based on the 10,000 groups of data in all four financial perspectives (production cost, sale 
cost, revenue, and profit), we define the measurement of interdependency between two industrial chains 
on the basis of cointegration relationship: the possibility to pass the Granger causality test. And the data 
belong to the interval [0, 1]. Here are the principles of classification (see Table 3): 
z Level S indicates strong interdependency that is greater than 0.6 
z Level MS medium strong interdependency that is between 0.4 and 0.6 
z Level MW medium weak interdependency that is between 0.2 and 0.4 
z Level W weak interdependency that is less than 0.2. 
Table 3 Statistical results of Co-integration test among the 10,000 groups of data 
  Profit1 Level Cost of Production2 Level Revenue
3
 Level Cost of Sales4 Level 
Chem. Granger Cause B.M. 0.0788 W 0.3266 MW 0.0122 W 0.4922 MS 
B.M. Granger Cause Chem. 0.0488 W 0.32 MW 0.0133 W 0.48 MS 
B.M. Granger Cause Alum. 0.0766 W 0.1888 W 0.0111 W 0.5366 MS 
Alum. Granger Cause B.M. 0.0833 W 0.1711 W 0.02 W 0.5511 MS 
Coal Granger Cause Chem. 0.0277 W 0.6366 S 0.1044 W 0.5922 MS 
Coal Granger Cause B.M. 0.0488 W 0.4155 MS 0.1433 W 0.4688 MS 
Coal Granger Cause Alum. 0.05 W 0.4422 MS 0.1077 W 0.5433 MS 
Chem. Granger Cause Coal 0.0255 W 0.49 MS 0.1311 W 0.2688 MW 
Alum. Granger Cause Coal 0.0433 W 0.3955 MW 0.1233 W 0.3677 MW 
Chem. Granger Cause Alum. 0.1922 W 0.6755 S 0.6222 S 0.6377 S 
Alum. Granger Cause Chem. 0.1177 W 0.6255 S 0.65 S 0.6188 S 
Power Granger Cause Chem. 0.0744 W 0.0655 W 0.0444 W 0.0366 W 
Power Granger Cause B.M. 0.11 W 0.2155 MW 0.1722 W 0.0511 W 
Power Granger Cause Alum. 0.1088 W 0.0255 W 0.0666 W 0.0277 W 
Power Granger Cause Coal 0.2177 MW 0.0488 W 0.1388 W 0.0077 W 
Chem. Granger Cause Power 0.1044 W 0.04 W 0.0455 W 0.0266 W 
B.M. Granger Cause Power 0.0988 W 0.1788 W 0.1044 W 0.0266 W 
B.M. Granger Cause Coal 0.0211 W 0.2388 MW 0.1011 W 0.1733 W 
Alum. Granger Cause Power 0.1255 W 0.0188 W 0.0588 W 0.02 W 
Coal Granger Cause Power 0.2955 MW 0.1466 W 0.0855 W 0.0211 W 
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Note: 1. The rat io of profit tests with Granger causality; 2. The ratio of production cost tests with Granger 
causality; 3. The ratio of revenue tests with Granger causality;  4. The ratio  of sale cost tests with Granger 
causality;  
For the numbers obtained in Table 3, the interdependency among five industrial chains in  YM Coal 
Corporation is possible to be concluded from both horizontal and vertical aspects. 
 
Fig.3. Causality relationships among industrial units 
By taking the horizontal perspective to interpret the results, the possible interactions and its stability 
are examined within industrial chains of YM Coal Corporation.  
The most significant relationships could be identified in Fig.3 , in which the letters denote four 
financial index (A for p rofit, B for production cost, C fo r revenue, and D for sale cost). Different types of 
lines between industries indicates the extent of relationships (heavy lines for level S, fine filling lines for 
level MS, dashed lines for level MW, and level W relationships omitted). We can come up with insights 
of YM Coal Corporation, as well as useful suggestions for its future development:  
z From the perspective of profit (A): Granger causality relat ionships only exist in coal and power 
industries. Power industry and the coal mining industry should be expanded. Since we are optimistic 
toward the prospect of the coal mining industry, the main focus should be placed on enlarging its scale.  
z From the perspective of production cost (B): As Granger causality tests shows, a positive 
feedback loop is fo rmed by coal min ing, aluminium and chemicals. Minor decrease of production cost in 
any of the three industries may lead to much  more savings in other two industries, which may benefit  the 
system greatly. Therefore, it will be most effective to reduce cost related to production and investment.  
z From the perspective of revenue (C): Only aluminium and chemicals are correlated significantly  
for this entry. Since the alumin ium-chemicals mutual interaction are verified from 3 entries (B, C, D), it  
merits attention for the study on integration effect of industrial chains. 
z From the perspective of sales cost (D): Close causality relat ionships are widespread under this 
category. As the figure shows, the coal min ing industry should be responsible for the bindings because of 
its universal impact on other parts of the industrial chains. The entire system is an amplifier maximizing 
effect of its parts, and then whatever we spend on reducing sales cost will be effective. 
 
Fig.4. Cumulative probability to pass Granger causality test  
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In Fig.4, BM is short for build ing materials, and Al for aluminum, Ch for Chemicals, Pw for Power, Cl 
for Coal. 
It is obvious in Fig.4 that industrial chains in cost-related entries (production and sales) have better 
chances to pass Granger causality test than those in the other two entries (profit and revenue), which 
indicates closer relationships among those industries in production and sales cost. 
One possible explanation is  that, strong interdependency of costing indices is induced by high 
controllability of material flows within IS network. For instance, wastes from upstream industries (coal 
mining and processing) may easily turn into valuable raw materials for the downstream indu stries 
(build ing materials  and chemicals), so production costs are reduced. Revenue and profit, however, are 
influenced by more factors, including sales, market ing and operation , which  are beyond the range of IS 
network, and may as well increase uncertainty of the system and further upset their Granger causalities. 
6. Conclusions 
The coal mining industry is the main driv ing force of energy development and economic growth in 
China. However, the industry is often cited as the main cause of many social and environmental problems 
in the rapid industrialization process. According to three principles associated with a long-term oriented 
sustainable development— the principle of responsibility, the princip le of circu lar economy and the 
principle of co-operation, it might be promising to establish IS network fo r coal mining community in 
order to interconnect their energy and material flows. Industry integration is the trend that the coal mining 
industry follows presently. Recycling of materials  and reducing of pollution emissions, as well as cost 
savings are direct benefits from integrated industrial chains. We can come up with several meaningful 
insights into patterns of coal mining enterprise expansion.  
Coal mining is cornerstone in YM Corporation. This conclusion is based on the analysis of production 
cost, sale cost, revenue and profit. As shown in Figure 3, Coal min ing is the source of material supply for 
the entire industrial chains system, and the only industry that connects with all other four industries in 
YM Coal Corporation industrial chains . As the interdependency grows, the system will get crit ical 
advantages in competition. 
Chemicals and aluminum are two industries that are strongly correlated. Th is conclusion is based on 
the analysis of production cost, sale cost, and revenue. In all these three entries, coal-chemical p roduction 
and electrolytic aluminum industries probably meet  Granger causality for each  other. The s ynergistic 
interaction hints the positively developing potential of the two  industrial chain s both inside and outside 
the enterprise group. 
Power industry is somewhat independent of the industrial chain. This conclusion is based on the 
analysis of revenue. Structure of industrial chains accounts for this isolation. The only connection that 
relates power industry to coal min ing is the supply of coal; and electric power will be sent to power 
network (instead of sent back into the system). So power industry does not contribute much to the 
enterprise group. 
Controllab ility of both cost indexes is greater than that of other financial index. This conclusion is 
based on the analysis of production cost and sales. The dominance for production cost and sales cost in 
Figure 4 indicates that benefit of integration lies mainly  in  cost reduction from inside the chain, but 
outside force possibly upsets this effect. The interpretations are possibly be in twofold, the  material and 
energy flows often require the installation of dedicated transport  systems and the modification of existing 
production processes, which usually requires significant investments ; the utilized material and energy will 
possibly incur costs .The IS network takes advantage of waste for district heating, collective waste 
management, cooperation in transport and logistics etc for reducing the cost , and then overcome the 
shortage of industry resources to survive in the cost-driven mature market environment.  
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This paper has contributed to the understanding of long-run interdependencies among industrial chains 
within IS network and the functional relevance of financial index. It shows that the financial interactions 
are complex and often p lay out over long periods, and may result in  imitative or d ifferentiating behavior. 
Overall, the study helps managers and industry analysts  appreciate how the industrial equilibrium over the 
long run is influenced by the firm’s financial index. If managers have a better perspective of how 
industrial interdependencies are influenced by financial index, they may  examine the impact of such 
influence on their performance and be more conscious and aware of their own strategic behavior. 
Additional studies can help identify  which industrial strategies should take significant adjustment t ime, 
which deviat ions in industrial strategies operators should respond to, and whether such a behavior 
ultimately influences firm performance. 
It is known that there are many newly invested projects in large-scale mining communities in China, 
meaning that the short time series of financial data from the monthly operation will appear again and 
again when the methodology is applied, which will be involved in our future research. 
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